Abstract We present the results of 11 elliptical galaxies with strong nebular emission lines during our study of star formation history along the Hubble sequence. After removing the dilution from the underlying old stellar populations by use of stellar population synthesis model, we derive the accurate fluxes of all emission lines for these objects, which are later classified with emission line ratios into one Seyfert 2, six LINERs and four HII galaxies. We also identify one HII galaxy (A1216+04) as a hitherto unknown Wolf-Rayet galaxy from the presence of the Wolf-Rayet broad bump at 4650Å. We propose that the star-forming activities in elliptical galaxies are triggered by either galaxy-galaxy interaction or the merging of a small satellite/a massive star cluster, as already suggested by recent numerical simulations.
INTRODUCTION
The star formation history of elliptical galaxies carries an important information for their formation and evolution and has invaluable constraints for the cosmological models (Eggen, Lynden-Bell & Sandage 1962) . In the conventional view, an elliptical galaxy was thought to be a simple stellar system with old stellar population formed in a single star forming activity at very early stage of the galaxy forming history, quiescent and passively evolving ever since, and very few new stars are made in the past 1− 2 Gyrs ⋆ E-mail: qsgu@nju.edu.cn (Searle, Sargent & Bagnuolo 1973; Larson 1975) . However, in recent decades a rival view has been proposed based on the hierarchical clustering models (White & Rees 1978; Kauffmann, White & Guiderdoni 1993) , which requires that the most massive objects form at late time via merging smaller subunits. In this scenario, massive ellipticals are formed through merging of two spiral galaxies, as have also been shown by numerical simulations (see the recent review by de Freitas Pacheco, Michard & Mohayaee 2003; Toomre & Toomre 1972; Barnes 1992; Barnes & Hernquist 1992; Bendo & Barnes 2000) .
Recently Fukugita et al. (2004) have reported the discovery of active star-forming activities in the field elliptical galaxies from the Sloan Digital Sky Survey (SDSS). They found that the percentage of such star-forming elliptical galaxies is a few tenths of a percent in their sample and suggested that these star-forming ellipticals could be the progenitors of E+A galaxies, which are devoid of nebular emission lines but with very strong Balmer absorption lines superimposed with an old stellar population, and are interpreted as being the post-starburst ended within the last 1.5 − 2 Gyr (Couch & Shaples 1987; Barger et al. 1996) . In this paper, we will present more examples of such star-forming elliptical galaxies which show the unambiguous evidence of young starforming activities during our study of star formation history along the Hubble sequence. This paper is organized as follows: we give the sample of 11 ellipticals with strong emission lines in Section 2. In Section 3, we present the results of stellar population synthesis, use the standard BPT diagrams to classify the ionizing mechanism for these 11 ellipticals, and study radial profiles, color distribution and star forming activities for three HII galaxies (A1212+06, A1216+04 and CGCG13-83). Finally we discuss in Section 4 and present our conclusions in Section 5. Where appropriate we adopt a Hubble constant of H 0 = 75 km s −1 Mpc −1 , Ω M = 0.3 and Ω Λ = 0.7.
THE DATA
The Sloan Digital Sky Survey (SDSS) is the most ambitious astronomical (both photometric and spectroscopic) survey project which has ever been undertaken (Gunn et al. 1998; Blanton et al. 2003) .
Recently, we cross-correlate the SDSS DR2 spectroscopic archive dataset with the Third Reference Catalogue of Bright Galaxies (RC3; de Vaucouleurs et al. 1991 ) by positional match with accuracy of ∼ 10 arcsec, and derive a sample of 1027 galaxies with both morphological classification and spectroscopic information, among of which 48 sources are cataloged as Elliptical galaxies in RC3 with mean numerical index (T) of either -4 or -5. Our main target is to study the star formation activity along the Hubble sequence, which will be presented by Shi et al. (2005) .
In this paper we show that among these 48 elliptical galaxies, 11 objects clearly present strong nebular emission lines with Hα equivalent width (EW) larger than 2Å, 
RESULTS
During the study of emission-line spectra, an unavoidable issue is the contamination from the underlying old stellar population, especially to the Balmer lines. The standard method is to use the stellar population synthesis model to fit the observed spectrum. In this paper, we use the same stellar population synthesis code, STARLIGHT version 2.0, (Cid After subtracting the best-fit model from the observed one, we derive the pure emission-line spectrum, from which we could measure the accurate fluxes for all emis- sion lines with the IRAF 1 specfit or onedspec.splot software, the results are presented in Table 2 . The line flux errors are typically around 5%. It is well known that we can distinguish narrow-line AGNs from normal star-forming galaxies by using emission line flux ratios, the so-called BPT diagrams (Baldwin, Phillips & Terlevich 1981; Veilleux & Osterbrock 1987) . With our measurement of emission lines from the pure emission-line spectra, we classify these 11 ellipticals into three types: one Seyfert 2, six LINERs and four HII galaxies(see Figure 1 ). We find that three HII galaxies (A1212+06, A1216+04
and IC 225) are in fact dwarf galaxies with absolute B magnitude (M B ) smaller than -18, as shown in Table 1 .
It will be easy to understand Seyfert and LINER activities in elliptical galaxies, such as the host galaxies of the most powerful AGNs (quasars) are usually the massive elliptical galaxies (Floyd et al. 2004) , that is because the recent discovery of a tight relation between bulge velocity dispersion and black hole mass, which strongly suggests that massive black holes are ubiquitous and scale with the bulge masses (Ho & Kormendy 2000; Tremaine et al. 2002) . While the pure star-forming activities in elliptical galaxies are especially rare, the nature and triggering mechanism are still open questions. In the following part of this paper, we will concentrate on the detailed study of three star-forming galaxies (A1212+06, A1216+04 and CGCG 13-83). For the fourth one (IC 225), Gu et al. (2005) discovered it is a compact dwarf elliptical galaxy with a peculiar blue core which contains two distinct nuclei, separated by 1.4 arcseconds. The off-nucleated core could be a dwarf galaxy or a halo cluster, swallowed by IC 225 and thus triggered the starburst activity in IC 225.
In Figure 2 , we show the false-color RGB images for 4 star-forming elliptical galaxies, which combine information from g-, r-and i-band SDSS images by using the algorithm given by Lupton et al. (2004) . In Figure 3 , we plot their SDSS optical spectra, where the insets in three panels (a, c, d) 
Radial Surface Brightness Distribution
The typical radial surface brightness distribution for ordinary elliptical galaxies is the de Vaucouleurs R 1/4 law (de Vaucouleurs 1953) . Since the SDSS photometrical survey at uand z-bands are much shallower (Fukugita et al. 1996) and i-band used a thinned CCD, an instrumental effect known as the "red halo" in the PSF wings are reported to seriously affected the i-band photometric analysis (e.g., Wu et al. 2005 ). We will only derive gand r-band stellar surface brightness distributions by using the standard task ellipse in
(c) Fig. 2 The false-color RGB images of 4 starburst galaxies, which are obtained by using three (r, g, i) SDSS images with the method proposed by Lupton et al (2004) . (a) A1212+06, 3
IRAF, for A1212+06 and CGCG 13-83, which are shown in Fig. 4 . The SDSS magnitude system (Fukugita et al. 1996) is quite similar to the AB system (Oke & Gunn 1983 ).
The zero point of magnitude for each frame is obtained directly from the image header.
For A1216+04, we do not apply the photometric measurement since it is a late-type blue compact dwarf (BCD) galaxy (Gordon & Gottesman 1981; Hoffman et al. 1987 ).
The best fits with the de Vaucouleurs R 1/4 are shown as solid lines, fitting results are summarized in Table 3 . We find that the fitting is quite well, and the rms is typically less than 0.1.
In order to derive the g-r color distribution, we first check the PSF profiles of g-and r-band images and then smooth the g-band image by convolving a Gaussian kernel to match r-band PSF. In Figure 5 we show the g-r color distributions for A1212+06 (left) and CGCG13-83(right). It is very interesting to note that two sources show different behaviors. For the case of A1212+06, the nucleus is exceptionally blue, and becomes much redder continuously outwards. While for CGCG13-83, the color distribution is nearly 
Star Forming Activity

A1212+06
A1212+06 is one member of the Virgo cluster and was identified as an HII galaxy by Maza et al. (1991) yr) and old (> 10 9 yr) stellar populations are 50%, 38% and 12%, respectively.
We use the standard method to compute the nebular extinction, based on the Balmer decrement and assuming Case B recombination and a standard reddening law (Cardelli, Clayton & Mathis 1989 much larger than SFR Hα , which suggests that star-forming activity arises from larger area than the SDSS spectral fibre region, and also confirmed by the g-r color distribution.
A1216+04
Like A1212+06, A1216+04 is an HII galaxy in the Virgo cluster, too (Terlevich et al. 1991 ). Stellar population synthesis fitting indicates that a significant contribution from the young stellar components which contributes 86% of the total monochromatic flux at 4800Å. This fraction is much larger than the one (50%) in A1212+06. The observed F Hα /F Hβ is equal to 4.38, the corresponding nebulae extinction is 1.17 mag, and SFR for the central 3 arcseconds region is 0.21 M ⊙ yr −1 , it is very interesting to note that SFR deduced from IR emission is exactly the same as SFR Hα , which indicates that the star-forming activity is very concentrated in the SDSS fibre covering region. In fact, this object is wrongly classified as an elliptical galaxy (Gordon & Gottesman 1981; Hoffman et al. 1987) , and will omit from the further analysis.
The spectrum of A1216+04 shows the broad bumps at 4650Å, as shown in the inset in Fig. 2b , which are characteristic of W-R stars (Conti 1991) . 
CGCG 13-83
CGCG 13-83 has been regarded as an actively star-forming elliptical galaxy by Fukugita et al. (2004) , who firstly found its strong Hα emission line. But the authors did not do any further analysis such as the stellar population synthesis and the radial profiles, which will be presented here. As shown in Fig. 3c , the spectrum for CGCG 13-83 clearly The observed F Hα /F Hβ is equal to 4.25, the corresponding nebulae extinction is 1.09 mag, and SFR for the central 3 arcseconds region is 0.07 M ⊙ yr −1 . All results are summarized as in Table 4 .
Unlike A1212+06 and A1216+04, the [O III]λλ4959, 5007 in CGCG 13-83 is rather weak and it can only be detectable after subtracting the best matched model from the observed spectrum. However, the radial profiles can be fitted with the R 1/4 law very well for g-and r-band images, as shown in the right panel in Fig. 4 . 
DISCUSSION
By using images and spectra from the SDSS, we have investigated the emission line properties for a sample of 11 elliptical galaxies with emission lines picked out from 48 ellipticals by cross-correlating the SDSS DR2 with RC3 catalog. We classify four HII galaxies, one of which (A1216+04) is in fact a late-type BCD and a new Wolf-Rayet galaxy, two (A1212+06 and IC 225) are dwarf ellipticals, and one (CGCG13-83) is an ordinary elliptical. Recently Guzman et al. (2003) and Graham (2005) find that dwarf ellipticals form a continuous extension, both chemically and dynamically, with the more luminous (ordinary) ellipticals. If we simply regard A1212+06 and IC 225 as normal ellipticals, for our sample, the frequency of star-forming ellipticals is 3/47 = 6.38%, significantly higher than the value 2/210 ≈ 1% by Fukugita et al. (2004) , which is probably caused by our selection criteria, small sample size and problems of morphological classification in RC3 (de Souza, Gadotti & dos Anjos 2004) .
It is well known that bar, galaxy-galaxy interaction and merger are efficient mechanisms to trigger starburst activities for spiral galaxies (Huang et al. 1996; Zou et al. 1995) . Since the star-forming elliptical galaxies are rather rare, the most possible mechanism for triggering starburst in the elliptical galaxies is still an open question. The most promising mechanisms to trigger the nuclear starbursts in the elliptical galaxies include interaction, major mergers and minor mergers (accretion events with the satellite less than 10% of the galaxy's mass) as suggested by Worthey (1997) . Major mergers are the mergers of two disc galaxies of comparable mass, using the numerical simulations, Mihos & Hernquist (1996) have shown that starburst activities during the merger process could be two orders of magnitude higher than that in isolated galaxies and can be sustained from several 10 7 yr to ∼ 2 × 10 8 yr after the collision. It could be the case of many infrared luminous galaxies, which are found to show morphological peculiarities indicative of encounters, such as multiple nuclei, tidal tails, loops, and shells (Sanders et al. 1988; Sanders 1992) . Though major mergers trigger the most powerful starburst, they are less common than minor mergers with the satellite less than 10% of the galaxy's mass. Ostriker & Tremaine (1975) and Tremaine (1981) have shown that for the typical galaxy, no matter of morphological type, several tens of percents of its mass has probably been accreted in the form of discrete subunits. And the numerical simulation of minor mergers between gas-rich disk galaxies and less massive dwarf galaxies are shown by Hernquist & Mihos (1995) .
For CGCG 13-83, the light distribution is very smooth, there is no any sign of interacting remnant, such as tidal tails. However, when we search in the view field of 30 arcminutes by using the NASA/IPAC Extragalactic Database (NED), we detect two galaxies that possibly interact with CGCG 13-83. One is CGCG 13-84 (RA: 12h08m31.3s, Dec: +00d08m11s; z: 0.034942), which is about 2.5 arcminutes northeast to CGCG 13-83 and 15.2 mag (g-band). The other is SDSS J120828.48+000948.7 (RA: 12h08m28.490s, Dec:
+00d09m48.90s; z: 0.03539), which is about 3.4 arcminutes northwest to CGCG 13-83 and 17.3 mag (g-band) . Therefore, CGCG 13-84 is a most probably physical companion to CGCG13-83 according to the criteria proposed by Schmitt (2001) . Meanwhile, previous numerical simulations indicate that gas inflows occur within a dynamical timescale (a few × 10 8 yr) of the initial collision (Barnes & Hernquist 1991; Mihos et al. 1992 Mihos et al. , 1993 , both suggest that the triggering mechanism for star forming activity in CGCG 13-83 is due to the interaction with CGCG 13-84.
For the case of A1212+06, the morphology is also very smooth. However, when we inspect the central region carefully, we find two distinct cores, which are clearly shown in its RGB image. Due to the no-spatial information of SDSS spectrum, now we can't study the nature for both cores. For this object, long-slit optical spectroscopy is under consideration.
CONCLUSIONS
In this paper, we study a sample of 11 elliptical galaxies with emission lines. After removing old stellar contribution and using the standard classification criteria, we identify them into one Seyfert 2, six LINERs and four HII galaxies. For four HII galaxies, we find that one (A1216+04) is a new Wolf-Rayet galaxy, two ellipticals (A1212+06, IC 225) have two distinct nucleus, and CGCG 13-83 is possibly interacting with CGCG 13-84.
We propose that the star-forming activities in elliptical galaxies could be triggered by either galaxy-galaxy interaction or the merging of a small satellite/a massive star cluster.
